It has been hypothesized that objective assessment for building acoustic conditions only may not always be representative of the users' perception in occupied indoor spaces. This study objectively and subjectively examined indoor acoustic condition in rooms within students' hostels in Obafemi Awolowo University, Nigeria. The objective assessment considered the physical measurement of sound pressure level in the rooms in relation to the rooms' physical characteristics like window to external wall area and window to floor area ratios. The subjective assessment considered the occupants' perception of the acoustic condition in the rooms in relation to their personal characteristics like age, gender, body mass index, metabolic rate, and body skin area. The sound pressure level was measured in each of the randomly selected 44 rooms at 15 minute intervals between 7 hours and 19 hours daily through a period of eight weeks. The measurement was done with High Accuracy Digital Sound Noise Level Data Loggers placed at work plane at the centre of the rooms. The geometry of the rooms was documented through physical measurements. All the occupants of the selected rooms as well as the two adjoining rooms, amounting to 696 respondents, were purposively selected to fill a questionnaire regarding activities carried out in the rooms, the frequency of fenestration opening, the personal characteristics of the occupants and the rooms' occupancy ratio. This study established a strong correlation between the objective and subjective assessments of the acoustic condition in the spaces. Moreover, out of all the occupants' personal characteristics considered, it was the age that has a relationship with the occupants' perception of the acoustic condition that is closest to significant level.The relationship between their perception and measured sound pressure level was slightly more pronounced among the male gender than the female with correlation coefficients of 0.115 and 0.096 respectively. This study concluded that none of
Introduction
It has been established that the indoor acoustic condition is one of the main factors that determine the quality of the indoor environment in general (Bluyssen, 2010) [1] . Therefore, it is strongly related to the performance, comfort, and health of occupants of indoor spaces within the built environment. An indoor space with acceptable acoustic environment is one that can control excess noise pollution from both indoor and outdoor sources. Hence, acoustic comfort has been defined as a state of contentment with acoustic conditions. Furthermore, the acoustic condition has been defined by ISO 12913-1 (2014) [2] as the acoustic environment as perceived or experienced, and/or understood by a person or people, in context. This identified with a robust definition by Rasmussen and Rindel (2005) [3] . The study remarked that acoustic comfort is a concept that can be characterized by the absence of unwanted sound, desired sounds with the right level and quality, opportunities for acoustic activities without annoying other people.
The acoustic condition is however mostly associated in engineering to only sound pressure levels low enough not to cause discomfort or annoyance (Nikolaos-Georgios Vardaxis et al., 2018) [4] . Hence, many scholars assessed it purely through objective measurements in laboratories and not in the field where occupants in the built environment experience real life situations (Osasona et al., 2011 [5] ; Kim et al., 2013 [6] ; Spah et al., 2013 [7] and Kylliainen et al., 2016 [8] ).
However, studies have shown that the use of only objective assessment for building acoustic conditions may have limited potentials in guiding building design. This is because it may not always be representative of the perception of users of occupied indoor spaces (Ljunggren et al., 2014) [9] . This, therefore, suggests that a synergy between objective and subjective assessment may produce more credible results to improve on available standards and to accurately predict the responses of occupants of indoor spaces.
The quality of the acoustic environment is linked to numerous physical parameters, which include both the physical properties of sound itself and the physical properties of the indoor space (Osasona, [11] ). Sound is characterized by the sound pressure level in a short-term and long-term period and by sound frequency. The acoustic environment is influenced by such physical room properties as sound insulation, absorption and reverberation time (Frontczak, and Wargocki, 2011) [12] . Generally, acoustic comfort assessments are based on some objective acoustic models. Fundamental to the models is the reverberation time which is the time required for the sound pressure level in a room to decrease by 60 dB after being stopped at the emission source (Harris and Shade, 1994 [13] ; Jian, 2006 [14] ).
There are many other models used in various acoustic comfort studies with their different strength and weaknesses. First is the Geometric model which assumes that the rays leave evenly acoustic source mirroring the environment.
This leads to reflections and every surface that the rays come in contact will suffer attenuation. The acoustic ray theory is based on the idea that sound is propagated in the form of a ray, with properties similar to those found in the geometrical optics (Gerges, 2000) [15] . Such assumption may only be reliable when the wavelength is extremely smaller than the dimensions of the room where it occurs. Hence geometric model evaluations may not be satisfactory at low frequencies (Vieira and de Sousa Costa, 2012) [16] .
Second is the Image-Source model which treats each sound reflection as a virtual source, which is out of the environment and consists of the source image, across the wall. According to Vieira and de Sousa Costa, (2012) [16] , it is the most commonly used model in rectangular environments such as schools, offices and homes. However, it does not take into account the diffusion effects of reflec- In recent times, however, the instrumentation for the measurements and evaluation of acoustic quality has been aided by development within the field of sound recording as well as the development of laptops (Andersson and Chigot, 2004) [17] . Moreover, Horrall, Pirn, and Markham, (2003) [18] concluded that a portable computer with integrated soundboard and a suitably amplified loudspeaker and test microphone are all that are needed to perform in-situ measurements of Articulation Index or other accepted indices. In line with this, Andersson and Chigot, (2004) [17] remarked that such instrumentation allows technicians to survey a large number of working places economically. There are cost efficient tools meeting the requirements for testing in most common environments where oral privacy is likely to be required. In view of the foregoing, this [4] ). This is noteworthy because it has been established that occupants' response to aspects of the indoor environment is linked to their personal and socio-cultural characteristics, and that this relationship has not been adequately examined (Frontczak and Wargocki, 2011 [12] ). This is further corroborated by the definition of acoustic condition according to ISO 12913-1 (2014) [2] , which emphasized the "context" of its assessment or perception.
The main aim of this study was, therefore, to assess the acoustic condition in the rooms within occupied student's hostels in Obafemi Awolowo University, Ile-Ife, Nigeria both objectively and subjectively. The peculiarity of this context is evident in its location and the primary task for which the rooms were designed. First, the spaces were sleeping cum reading rooms within the campus of a University community. They do not require an acoustic condition exactly the same with that expected of a classroom or a library, but still need an acoustic condition acceptable for reading while carrying out other domestic activities within the same space. Second, the spaces were largely occupied by occupants form a socio-cultural background whose perception has not received adequate examination in acoustic comfort studies (Nikolaos-Georgios Vardaxis et al.,
2018 [4] ). Hence, the specific objectives of this study were first, to examine measured sound pressure level in the hostel rooms in relation to the physical characteristics of the rooms. Third, examine the occupants' perception of the acoustic condition in the rooms in relation to their personal characteristics. At last, analyse the relationships between the two.
The Study Area
The studied student hostels are within the campus of Obafemi Awolowo Univer- 
Material and Methods
The Selected rooms for measurements were 44 in all. These were randomly selected such that at least four rooms represented each of the nine main room layout types identified within the students' hostels. All the selected rooms have the same wall, window and ceiling material finishes. The geometry of the rooms was documented through physical measurement using measuring tape. This was used to generate data on the window area, the wall area, the floor area, the window to floor area ratio and the window to wall area ratio. Data regarding the floor area per occupant in each room was also collected for it determines the amount of sound absorbing furniture in each room. All the occupants in the selected rooms, as well as the two adjoining rooms, were purposively selected to fill a questionnaire. This amounted to 696 respondents. The questionnaire elicited information regarding the activities carried out in the rooms and the frequency at which occupants opened the fenestrations. The same questionnaire was used to capture other data about the occupants' gender, age and complexion, as well 
Each respondent was asked to indicate the most prominent indoor and outdoor noise source and to rank the extent to which they were satisfied with the acoustic condition in the room. The data collected were subjected to statistical analysis using the IBM SPSS Statistics 22. The mean measured sound pressure levels in each room layout type were objectively assessed with the standards according to the Nigerian Federal Environmental Agency (FEPA, 1990 [27] ). The
Agency stipulated that maximum permissible exposure limit for indoor acoustic comfort is 90 dB within an eight-hour period, and the exposure to impulsive or impact noise should not exceed 140 dB. Further analysis was also carried out to determine which of the physical characteristics of the rooms can best predict the sound pressure levels. Furthermore, a regression analysis was carried out to determine which of the occupants' personal characteristics can best predict their perception of the acoustic conditions in the rooms.
Results
Physical measurement revealed that the nine different room layouts studied have window to floor area ratio that ranged from 0.08 to 0.52. Their window to ex- The mean measured sound pressure levels in each room layout ranged from 27.75 dBA to 56.29 dBA, with an overall mean value of 48.77 dB. The highest measured sound pressure level during the entire study period was far lower than 90 dB which was the maximum allowable limit value according to FEPA (1990) [27], Figure 1 and Figure 2 show the average distribution of the mean measured sound pressure level during the day in the room layouts with the lowest window to external wall area ratio and the highest window to external wall area ratio respectively.
This study found that the main contributors to indoor sound pressure levels in the spaces as rated by the occupants were indoor noise sources. Furthermore, Table 1 and Table 2 revealed the contributions of different identified external and internal noise sources to the acoustic environment of the spaces as rated by the occupants. Table 1 showed that 76% of the occupants regarded roommates chatting as the most prominent indoor sound source, followed by noise from electronic gadgets, while Table 2 showed that 54.1% of the occupants regarded noise from people walking along the adjoining corridor as the most prominent outside noise source followed by activities in the hostel common room. This is similar to Wang and Jan (2014) [28] , who found that the highest percentage of occupants rated "talking within the space" as the most prominent source of noise affecting them. Moreover, as shown in Table 3 , only 9% of the occupants were dissatisfied with the mean sound pressure levels in the spaces.
Discussions
This study established a strong correlation between the objective and subjective were less than the maximum allowable in the spaces by between 37.46% and 69.17%. This showed that the entire room layout met the recommended standard in Nigeria, and hence should provide significantly high level of acoustic comfort.
This was confirmed by the subjective assessment by the occupants which revealed that over 80% of the occupants were satisfied with the acoustic condition in the spaces. This showed that objective measurements could be effectively used to predict responses of occupants to acoustic conditions in the students' hostels.
Further analysis revealed a direct significant relationship between the mean measured sound pressure levels and the window to floor area, as well as with the window to external wall area ratios of the spaces both at ρ < 0.01. This showed that the higher the ratios, the higher the measured sound pressure level. However, the correlation coefficient was higher for the window to external wall area ratio (0.45) than that for the window to floor area ratio (0.36). WhileShield and Dockrell (2004) [29] could not arrive at a conclusive confirmation for such rela- [33] suggests that the floor area is strongly related to occupants' satisfaction with the acoustic environment. In fact, Leder et al. (2015) [32] concluded that satisfaction with acoustics and privacy was most strongly affected by workstation size and office type. While this study did not establish an exactly similar relationship, it, however, found an inverse relationship at a statistically significant level (correlation coefficient of −0.102) between the floor area per occupant and the measured sound pressure level. Which means the higher the floor area per occupant the lower the measured sound pressure level is. This, therefore, shows that the relationship between the building characteristics and the quality of the acoustic environment is evidently significant not only in offices but also in residencies like students' hostels.
The relationship between the perception of the occupants regarding the acoustic condition in the spaces and some of their personal characteristics were analysed. The personal characteristics considered were their gender, age, Body Mass Index, Body Metabolic Rate and their Body Skin Area. Analysis revealed that it is the occupant's age that had a relationship closest to the significant level with the occupants' perception of acoustic condition as measured by the sound pressure level. It was an inverse relationship, which showed that the higher the occupant's age, the better their level of satisfaction with the acoustic condition. No other personal characteristics considered have relationship close to significant level with their perception of indoor acoustic condition. This is similar to the findings of Sakellaris et al. (2016) [33] Moreover, a regression analysis showed that a change in the age among occupants between ages 21 and 23 years, as well as in the metabolic rate among occupants with less than 58.33 kcal/hr. are statistically significant in predicting the occupants' perception of indoor acoustic condition. The former was however more significant.
Although Frontczak and Wargocki (2011) [12] , remarked that very few studies provided convincing evidence regarding the impact of personal characteristics of occupants on level of satisfaction with indoor conditions, the findings of the few available studies were not totally the same with that of this study. While Kim et al. (2013) [34] gave evidence of gender differences in noise level and sound privacy satisfaction, Sakellaris et al. (2016) [33] showed that the relationship between indoor comfort and noise was higher among the male gender than the female, and that age was a significant determinant of occupants' perception of the acoustic environment. Although this study found no statistically significant relationship between occupants' gender and their perception of the indoor acoustic condition, it, however, found that the relationship between their perception and measured sound pressure level was slightly more pronounced among the male gender than the female with correlation coefficients of 0.115 and 0.096 respectively. However, Kim 33] along with most others with similar conclusion were carried out within office environment with specified tasks, and occupants age distribution far different from those in this study. This may account for the difference in the findings of this study.
Conclusion
This study established a significant correlation between the objective and subjective assessments of the indoor acoustic condition using measured sound pressure level in the rooms within the students' hostels. This showed that physical measurements of indoor sound pressure levels in the rooms can be used to effectively predict occupants' perception of the indoor acoustic condition in the spaces. It also showed that physical characteristics of indoor spaces are major determinants of their acoustic condition. Moreover, out of all the occupants' personal characteristics considered, it was only the age that has a relationship with their perception of measured indoor sound pressure level closest to a level that is statistically significant (with correlation coefficient of −0.04). This study concluded that none of the considered occupants' personal characteristics can effectively predict their response to indoor acoustic condition in the spaces. However, because of the very close age distribution of the respondents, this relationship may have to be further explored among respondents with wider age distribution exposed to the same range of indoor sound pressure level. It may also be expedient for future research to carry out similar study among respondents with more varied personal characteristics.
